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ABSTRACT 
The t r a d i t i o n a l  v i s u a l  b i a s  foy computer-to-user com- 
municat ions seems t o  have reached t h e  p o i n t  o f  e x c l u d i n g  
other ,  n o n - t r a d i t i o n a l  s o l u t i o n s  t o  computer-user l i n k a g e  
problems. Users, g e n e r a l l y  humans, are much more than  
s imple v ideo  communicators and expanding t h e  number o f  
methods by wh ich  t h e  computer converses w i t h  t h e  user  can 
be used t o  s i g n i f i c a n t l y  enhance t h e  i n t i m a c y  o f  t h e  re -  
l a t i o n s h i p .  Human communication channels i n c l u d e ,  i n  
a d d i t i o n  t o  v ideo;  sounds, t a c t i l e  sensa t ions  ( v i b r a -  
t i ons ,  t m p e r a t u r e ,  d i r e c t  e l e c t r i c a l  s t i m u l a t i o n )  and 
k i n e s t h e t i c  sensa t ions  ( r e s i s t a n c e  t o  movement). Th is  
paper descr ibes  s imp le  v i b r a t i n g ,  k i n e s t h e t i c  and 
tempera tu re -var iab le  sw i tches  w i t h  respec t  t o  t h e i r  
implementat ion,  t h e i r  l i m i t a t i o n s  and t h e i r  p o t e n t i a l  
a p p l i c a t i o n s .  We conc lude  t h a t  such devices a r e  general -  
l y  s imple t o  implement and c o n t r o l  and o f f e r  s u b s t a n t i a l  
b e n e f i t s  t o  i n t e r a c t i v e  envi ronment  users as mechanical 
' p o i n t e r s '  t o  a p p r o p r i a t e  response c lasses  and as b i n a r y  
( y e s l n o )  responders t o  s p e c i f i c  user  quer ies .  
INTRODUCTION 
C m u n i c a t i o n  w i t h  computers and r e l a t e d  hardware i s  
b e n e f i t t i n g  imnensely f r o m  t h e  ongoing r a p i d  development 
o f  a f f o r d a b l e  g raph ic  d i s p l a y s  and upcoming b i d i r e c t i o n a l  
speech c a p a b i l i t i e s .  I n  t h e  r u s h  t o  make every  computer- 
user  c m u n i c a t i o n  o c c u r  th rough  t h e  d i s p l a y  t e r m i n a l ,  
o t h e r  and o f t e n  more a p p r o p r i a t e  communication r o u t e s  
should n o t  be neg lec ted .  Speech communication i s  devel -  
op ing  r a p i d l y  i n  c o n c e r t  w i t h  d i s p l a y  developments. We 
a re  proposing developments i n  t a c t i l e  and k i n e s t h e t i c  
devices t o  complete t h e  ongoing expansion o f  communica- 
t i v e  b read th  wh ich  i s  o c c u r r i n g .  
Computer sc iences  s p r i n g  f r o m  a  batch-processing t r a -  
d i t i o n ,  c h a r a c t e r i z e d  b y  d e d i c a t i o n  t o  t h e  r a t e  (volume 
per  u n i t  o f  t i m e )  of i n f o r m a t i o n  passing th rough  t h e  i n -  
t e r f a c e .  Usefu lness o f  t h e  i n f o r m a t i o n  i s  secondary 
s ince  queuing up t o  make a  second pass th rough  t h e  ba tch  
processor  has t r a d i t i o n a l l y  been very  ted ious .  The ba tch  
processing syndrome appears i n  contemporary l i t e r a t u r e  on 
g raph ics  d i s p l a y  systems. 
"The b a s i c  reason f o r  u s i n g  g raph ics  .... i s  t h a t  
it conveys more i n f o r m a t i o n  t o  t h e  user. The 
brain... .  must apprehend t e x t  o r  numerals i n  a  
more l a b o r i o u s ,  one-at-a-time fash ion .  Dur ing  
t h i s  s e r i a l  o p e r a t i o n  t h e  processor  o f  t h e  b r a i n  
must ' pay  a t t e n t i o n ' ;  he must ' concen t ra te1- -a  
smewhat unp leasan t  sensa t ion .  I n  c o n t r a s t ,  
l ook ing  a t  p i c t u r e s  seems t o  be e f f o r t l e s s  and 
even p leasan t ' '  [ l ,  p. 491. 
Undisguised i n  t h i s  q u o t a t i o n  i s  the  d e d i c a t i o n  t o  i n f o r -  
mat ion volume and t h e  a l l u s i o n  t o  some e q u a l i t y  between 
u s e f u l  and " e f f o r t l e s s  and even p leasan t " .  As m i n i  and 
m i c r o c m p u t e r s  a r e  used t o  generate a  more i n t i m a t e  i n -  
t e r a c t i o n  between t h e  user  and t h e  computer, use fu lness  
becomes more impor tan t  than  volume. It has been our ex- 
per ience  t h a t  i n t e r v a l s  o f  c o n c e n t r a t i o n  and ' p a y i n g  a t -  
t e n t i o n '  c o i n t i d e  w i t h  u s e f u l  r e s u l t s ,  ' e f f o r t l e s s  and 
even p leasan t  sensa t ions  t y p i c a l l y  emerging f r o m  dra- 
mat i c  e f f o r t s  on t e l e v i s i o n .  D i v o r c i n g  some o f  our  ideas 
f rom t h e  volume t r a d i t i o n  opens t h e  way t o  se r ious  con- 
s i d e r a t i o n s  o f  low-volume i n f o r m a t i o n  t r a n s f e r  rou tes -  
t a c t i l e  and k i n e s t h e t i c  devices.  
I n  another  a r t i c l e  cover ing  t h e  same conference, 
Myers r e p o r t s  on an i n f o r m a l  t a l k  by Jack Grimes o f  
T e k t r o n i x :  
"How people use i n f o r m a t i o n  . .. i s  r e l a t e d  t o  
how it ge ts  i n t o  t h e i r  memories and how they  
r e t r i e v e  it. One way i s  h o l i s t i c a l l  an a l l -  
at-once i n p u t  1  i ke l o o k i n d i a i n t i n g ,  
p i c t u r e ,  o r  b l o c k  diagram. The o t h e r  way i s  
s e r i a l l y ,  a  s e q u e n t i a l  i n p u t  l i k e  read ing  a  book 
o r  a  program. The educa t iona l  system has been 
l a r g e l y  based on t h e  s e r i a l  approach, and t h a t  
i s  some k i n d  o f  i n d i c t m e n t  o f  t h e  educa t iona l  
system . . . I1  [2 ,  p. 461. 
Without  denying t h e  importance o f  h o l i s t i c  in forma- 
t i o n  p r e s e n t a t i o n s  v i a  d i s p l a y  te rm ina ls ,  a  r e c o g n i t i o n  
of t h e  f r e q u e n t  appropr ia teness  o f  a  s e r i a l  p r e s e n t a t i o n  
must be made. One prominent  example used throughout  one 
o f  Myer 's  a r t i c l e s  [2] i s  t h a t  o f  a  word processor .  Con- 
s i d e r  t h e  f o l l o w i n g :  
THERE I S  AT LEAST ONE 
ONE MISTAKE I N  THIS SENTENCE. 
The one mis take  i s  l i k e l y  t o  be over looked  i n  a  system 
which would imbed i t  i n  an e n t i r e  page o f  t e x t  presented 
t o  t h e  user  i n  a  h o l i s t i c  f l a s h .  To f i n d  such an e r r o r  
i s  e a s i e r  i f  t h e  "processor  o f  t h e  b r a i n "  i s  f o r c e d  t o  
view i t  " i n  a  more labor ious ,  one-at-a-time fash ion" .  
Unpleasant as c o n c e n t r a t i o n  may seem t o  t h e  viewer, i t  i s  
o f t e n  an i n v a l u a b l e  a i d  t o  problem s o l v i n g .  
Since t h e  Roger Sper ry  s t u d i e s  i n  t h e  e a r l y  1970's  
[3] ,  t h e  p i c t u r e  o f  t h e  human b r a i n  (and perhaps o f  o t h e r  
c r e a t u r e  b r a i n s  as w e l l )  has become one o f  a  l e f t  hemi- 
sphere m o s t l y  ded ica ted  t o  s e r i a l  processing,  as occurs 
n a t u r a l l y  f rom v e r b a l  i npu ts ;  and a  r i g h t  hemisphere 
m o s t l y  ded ica ted  t o  para1 l e l  processing.  "The system 
c o n s i s t s  o f  hundreds o f  successive two-dimensional a r rays  
o f  m i l l i o n s  o f  i n te rconnec ted  p a r a l l e l  computers."[l, p. 
501, a  s i t u a t i o n  undoubtedly  necessary t o  t h e  e f f e c t i v e  
use o f  h o l i s t i c  v i s u a l  p resen ta t ions .  A  computer system 
which c a t e r s  t o o  e x c l u s i v e l y  t o  h o l i s t i c  p r e s e n t a t i o n s  i s  
i g n o r i n g  h a l f  t h e  computing power a v a i l a b l e  f rom t h e  i n -  
t e l l i g e n t  p a r t  o f  t h e  system--the user .  
Recent developments i n  vo ice  comnunicat ion w i t h  c o r n  
p u t e r s  [4 ]  and [ 5 ]  have begun t o  appear r e g u l a r l y  i n  t h e  
l i t e r a t u r e .  Being sequences o f  words, such comnunicat ion 
p o t e n t i a l l y  makes use o f  t h e  l e f t  b r a i n .  We propose 
f u r t h e r  expanding o f  comnunicat ion by way o f  t h e  u s e r ' s  
t a c t i l e  and k i n e s t h e t i c  i n f o r m a t i o n  channels. Such an 
expansion may l e g i t i m a t e l y  be ques t ioned  on t h e  bas is  o f  
i t s  va lue r e l a t i v e  t o  i t s  c o s t  and t h e  ease w i t h  which i t  
can be used. The inexpensive,  ded ica ted  microcomputer 
c o n t r o l l e r  has helped reduce t h e  expense and ease o f  us- 
i n g  such devices.  Sof tware p e c u l i a r  t o  t h e  u n i t  i s  
s t o r e d  w i t h i n  t h e  ded ica ted  m i c r o c o n t r o l l e r ,  no t  burden- 
i n g  t h e  h o s t  min icomputer  system. 
The ' b a t c h  p rocess ing  'syndrome' which we mentioned 
e a r l i e r  tends  t o  p l a c e  t h e  user and t h e  computer on op- 
p o s i t e  s ides  o f  a  t a b l e ,  across which a r e  passed comnands 
and raw da ta  i n  one d i r e c t i o n  and back across which i s  
passed processed and p r e d i g e s t e d  da ta  i n  t h e  o t h e r  d i -  
r e c t i o n .  The w i d t h  o f  t h i s  t a b l e  has o f  n e c e s s i t y  begun 
t o  s h r i n k .  As problems inc rease  i n  comp lex i t y ,  we a r e  
a r r i v i n g  a t  a j u n c t u r e  where no t  o n l y  a re  s o l u t i o n s  t o  
problems unclear ,  b u t  even t h e  d i r e c t i o n  t o  t a k e  t o  prog-  
r e s s  towards a  s o l u t i o n  i s  muddled. For  example, i n  an 
i n c r e a s i n g  number o f  exper iments i n  t h e  nuc lear  sc iences  
t h e  volume o f  da ta  accumulated per  exper iment  has i n -  
creased d r a m a t i c a l l y ,  and t h e  p o t e n t i a l  number o f  i n t e r -  
c o r r e l a t i o n s  among d a t a  even ts  has s i m i l a r l y  exploded. 
Data a n a l y s i s  i s  o f t e n  a  t r i a l - a n d - e r r o r  i n t e r p l a y  
between computer and user .  The a n a l y s i s  depends on se- 
quences o f  educated guesses and hunches pushed t o  t h e i r  
l o g i c a l  conc lus ions  v i a  an i n t i m a t e  a s s o c i a t i o n  w i t h  d a t a  
massaged by an unders tand ing  processor  and p resen ted  t o  
t h e  user i n  t h e  most e f f e c t i v e  and u n c l u t t e r e d  way a v a i l -  
ab le.  To opera te  e f f e c t i v e l y ,  t h e  p a t u r a l  b a r r i e r  be- 
tween computer and user  must be, as much as i s  p r a c t i c a l ,  
d i sso lved .  The computer and user t o g e t h e r  become one 
i n t e g r a t e d  problem s o l v i n g  u n i t .  
The idea o f  user  and machine o p e r a t i n g  w i t h i n  an i n -  
t i m a t e  symbiosis i s  n o t  new. L i c k l i d e r  [ 6 ]  desc r ibed  h i s  
i d e a  o f  such a  u n i o n  20 years  ago, and J e f f e l s '  [ 7 ]  de- 
s c r i p t i o n  con t inues  t h e  t r a d i t i o n :  
lo.  . t h e  machine i s  a  b o l d  and nob le  e x t e n s i o n  
of t h e  f l e s h :  same pu lse ,  same r e s p i r a t i o n ,  same 
beat  o f  t h e  b lood,  same s p i r i t  and e lan .  The 
v i t a l  processes a r e  one; t h e y  a r e  i n e x t r i c a b l y  
l i n k e d  by bonds o f  mutual  respec t  and a f f e c t i o n .  
I n  a  wondrous symb ios is  o f  man and meta l ,  t h e  
two move i n  p r e o r d a i n e d  rhythmsu. 
TACTILE AND KINESTHETIC DEVICES 
We have proposed a  number o f  dev ices  which would ap- 
pear  t o  be s imp le  and inexpens ive  t o  implement as w e l l  as 
b e i n g  o p e r a t i o n a l l y  e f f e c t i v e .  
THE VOCO SWITCH 
F i g u r e  1 c o n s i s t s  o f  a  s tandard t o g g l e  ( o r  pushbu t ton)  
s w i t c h  mounted on a  t h i n  p l a t e  d r i v e n  th rough  a  sea led  
a i r  t u n n e l  by a  sma l l  loudspeaker. O f f - the -she l f  2- inch 
loudspeakers do n o t  n o r m a l l y  have t h e  depth r e q u i r e d  t o  
enclose t h e  s w i t c h  body so we have proposed + l a c i n g  a  
s h o r t  s e c t i o n  o f  2 - inch  d iameter  p l a s t i c  p i p e  between t h e  
speaker frame and t h e  s w i t c h  mounting p l a t e .  T h i s  con- 
f i g u r a t i o n  can e a s i l y  enc lose  a  conven t iona l  mechanical  
swi tch.  P r o x i m i t y  sw i tches  o r  o t h e r  s p e c i a l  t ypes  may be 
t h i n  enough t o  make t h e  p i p e  unnecessary. 
THIN MOUNTJNQ 
P L A T  , A PANEL FRAME 
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F i g .  1 The voco s w i t c h  uses a  sma l l  commerc ia l l y  a v a i l -  
a b l e  loudspeaker t o  f o r c e  t h e  s w i t c h  p l a t f o r m  t o  v i b r a t e  
n o t i c e a b l y .  I f  a u d i b l e  v i b r a t i o n  i s  t h e  o b j e c t i v e ,  t h e  
r i s e  t ime  and f requency  o f  d r i v e  s i g n a l s  must be 
c a r e f u l l y  c o n t r o l l e d .  
The v o i c e  c o i l  on t h e  speaker i s  d r i v e n  t o  produce 
v i b r a t i o n  o f  t h e  s w i t c h  body. The v i b r a t i o n  p rov ides  a  
t a c t i l e  s i g n a l  t o  t h e  user  as t h e  s w i t c h  i s  touched. 
This  scheme i s  s imp le  and inexpensive a l though i t  pre- 
vents mount ing ad jacen t  sw i tches  c l o s e r  than 2  inches. 
The speaker ( o r  a r r a y  o f  speakers i n  a  m u l t i p l e - s w i t c h  
system) can double as an aud ib le -s t imu lus  producer  i f  
d r i v e n  a t  a  s u f f i c i e n t l y  h i g h  f requency.  Our exper ience 
i s  t h a t  d r i v i n g  t h e  speaker w i t h  sharp-edged s i g n a l s  pro-  
duces an a u d i b l e  r e s u l t  even f o r  ve ry  low r e p e t i t i o n  
r a t e s .  A  low f requency  s i g n a l  w i t h  a  slow r i s e  and f a l l  
t ime  (such as a  s i n e  f u n c t i o n ,  10-100 Hz) can be made 
n o t i c e a b l e  t a c t i l e l y  w h i l e  remain ing i n a u d i b l e .  Some 
r e s o l u t i o n  o f  d i f f e r e n t  f requenc ies  i s  p o s s i b l e  and may 
be useable. A l though  i n d i v i d u a l s  may be ab le  t o  d isc r im-  
i n a t e  between d i f f e r e n t  d r i v e  amplitudes, v a r i a t i o n s  f rom 
person t o  person  p rec lude  t h e  assumption t h a t  ampl i tude 
v a r i a t i o n s  c o u l d  be sensed b y  any p a r t i c u l a r  user .  
THE SHAKER SWITCH ARRAY 
F i g u r e  2 uses a  s tepper  motor  mounted on t h e  s w i t c h  
mounting p l a t f o r m  t o  produce a v i b r a t i o n  n o t i c e a b l e  when 
t h e  s w i t c h  o r  p l a t f o r m  i s  touched. The ne t  e f f e c t  i s  
s i m i l a r  t o  t h a t  o f  t h e  voco-switch. However, t h e  voco- 
sw i tch  i s  b e t t e r  when t h e  u n i t  i s  in tended t o  double as 
an audio dev ice .  
F i g .  2  The a r r a y  o f  sw i tches  i n  t h e  shaker s w i t c h  con- 
f i g u r a t i o n  v i b r a t e s  n o t i c e a b l y  when t h e  stepper motor i s  
d r i v e n  so as t o  r o t a t e .  
D r i v e  t o  t h e  shaker s w i t c h  a r r a y  i s  i n h e r e n t l y  d i g i t -  
a l  whereas t h a t  t o  t h e  voco-switch i s  i n h e r e n t l y  analog. 
The shaker s w i t c h  i s  w e l l  adapted t o  d r i v i n g  l a r g e  a r r a y s  
o f  swi tches b y  s e l e c t i n g  a  s tepper  motor  o f  s u f f i c i e n t  
s i z e  t o  shake r e l a t i v e l y  l a r g e  areas o f  mount ing p l a t f o r m .  
KINESTHETIC SWITCHES 
K i n e s t h e t i c  sw i tches  ( F i g u r e  3 )  a re  designed t o  v a r i -  
a b l y  r e s i s t  b e i n g  actuated.  The r e s i s t a n c e  i n  each i n -  
s tance i s  e l e c t r o n i c a l l y  v a r i a b l e .  Both a  r o t a t i o n a l  
s w i t c h  and a  l e v e r  s w i t c h  a r e  sketched i n  F ig .  3. The 
l e v e r  ( o r  knob) i s  a t tached  d i r e c t l y  t o  a  motor  sha f t .  
A p p l i c a t i o n  o f  c u r r e n t  t o  t h e  motor  w ind ings  v a r i e s  t h e  
r e s i s t a n c e  t o  m o t i o n  i n  each. 
Two fundamental t ypes  o f  mechanical r e s i s t a n c e  may be 
a p p l i e d  by t h e  use o f  t h e  a p p r o p r i a t e  motor .  I f  a  DC 
motor were used, t h e  s h a f t  would r o t a t e  when re leased.  
Thus, t h e  l e v e r  s w i t c h  would be t h e  e q u i v a l e n t  o f  a  
s p r i n g - r e t u r n  s w i t c h  w i t h  a  va r iab le -cons tan t  sp r ing .  
The r o t a t i o n a l  s w i t c h  would be r e q u i r e d  t o  i n c o r p o r a t e  a  
s top  o f  some s o r t  t o  p r e v e n t  r e t u r n  r o t a t i o n  beyond home 
p o s i t i o n .  The stepper-motor d r i v e n  sw i tches  c o u l d  be 
u t i l i z e d  i n  l i k e  manner t o  t h e  DC motor  d r i v e n  swi tches 
s imp ly  by s u p p l y i n g  an a p p r o p r i a t e  s e q u e n t i a l  p u l s e  t r a i n  
t o  t h e  windings.  I n c i d e n t a l l y ,  used t h i s  way e i t h e r  o f  
these sw i tches  has t h e  c a p a b i l i t y  o f  be ing  actuated f rom 
t h e  c o n t r o l l e r ,  p o s s i b l y  u s e f u l  i n  d i a g n o s t i c  s i t u a t i o n s .  
The shaker  s w i t c h  r e q u i r e s  a  s tepp ing  motor d r i v e .  
S i m i l a r l y ,  one k i n e s t h e t i c  sw i tch  v a r i a t i o n  c o n t a i n s  a  
s tepp ing  motor. The d r i v e r s  f o r  bo th  steppers can be 
i d e n t i c a l .  A gated  low-frequency o s c i l l a t o r  d r i v e s  a  
t r a n s l a t o r  which produces changing DC l e v e l s  t o  t h e  ap- 
p r o p r i a t e  s tepper  windings.  Whereas i n  t h e  shaker s w i t c h  
t h e  d i r e c t i o n  o f  motor  r o t a t i o n  i s  i r r e l e v a n t ,  i n  t h e  
k i n e s t h e t i c  s w i t c h  d i r e c t i o n  must be c o n t r o l l e d .  DC 
d r i v e  t o  t h e  s tepper  t r a n s l a t o r  need n o t  be v a r i a b l e  f o r  
t h e  shaker sw i tch .  However, t h e  k i n e s t h e t i c  e f f e c t s  w i l l  
be p r o p o r t i o n a l  t o  t h i s  l e v e l ,  which must t h e r e f o r e  be 
v a r i a b l e  f o r  t h e  k i n e s t h e t i c  swi tch.  I n  f a c t ,  i f  r o t a t -  
i n g  t h e  k i n e s t h e t i c  s w i t c h  f rom the  c o n t r o l l e r  i s  n o t  
important ,  a l l  t h a t  i s  r e q u i r e d  i s  a  source o f  v a r i a b l e  
DC t o  d r i v e  t h e  windings,  and t h e  ho t  s w i t c h  c o n t r o l l e r  
may then  doub le  as t h e  k i n e s t h e t i c  s w i t c h  d r i v e .  
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F i g .  3 K i n e s t h e t i c  sw i tches  are c o n f i g u r e d  t o  be con- 
t r o l l a b l y  r e s i s t i v e  t o  movement o f  t h e  s w i t c h  knob o r  
l e v e r  by t h e  user .  I f  t h e  stepper motor  i s  DC-driven, i t  
w i l l  no t  r e t u r n  t o  home p o s i t i o n  when re leased .  
The stepping-motor  swi tches have a  p o t e n t i a l  advan- 
tage  over t h e  DC motor swi tches.  By a p p l y i n g  a  v a r i a b l e -  
l e v e l  DC c u r r e n t  t o  t h e  s t e p p e r ' s  windings,  it w i l l  be- 
come v a r i a b l y  r e s i s t a n t  t o  be ing  r o t a t e d  i n  e i t h e r  d i r e c -  
t i o n .  When re leased,  it w i l l  n o t  a u t o m a t i c a l l y  r e t u r n  as 
w i l l  t h e  DC motor  d r i v e n  sw i tch .  
THE HOT SWITCH 
F i g u r e  4 has h e a t i n g  elements mounted i n  a  s p e c i a l l y  
c o n s t r u c t e d  s w i t c h  a c t u a t i n g  pad. By a p p l y i n g  c u r r e n t ,  
t h e  c o n t r o l l e r  can h e a t  t h e  s w i t c h  hand le  enough t o  be 
e a s i l y  n o t i c e d  by t h e  user. 
HOLES DRILLED INTO 
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HEATIN0 ELEMENT IN HOT #WITCH 
OR DC OR STEPPING MOTOR IN 
KINESTHETIC s w m n  
F i g .  4 The ho t  s w i t c h  i s  d r i v e n  by a  smal l  h e a t i n g  e l e -  
ment mounted i n s i d e  t h e  meta l  f i nger -pad  which i s  
s p e c i a l l y  b u i l t  t o  r e p l a c e  t h e  one which comes w i t h  t h e  
purchased swi tch.  To make assembly e a s i e r ,  t h e  pad can 
be b u i l t  as two p ieces  o f  a  sandwich i n t o  which grooves 
a r e  c u t  t o  accept  t h e  h e a t e r .  The sandwich i s  then  
b o l t e d  t o g e t h e r  t o  f o r m  t h e  f i n g e r  pad. 
F ig .  5 S p e c i a l  hardware t r a n s l a t e s  f r o m  microcomputer-- 
generated c o n t r o l  s i g n a l s  i n t o  d r i v e  s i g n a l s  f o r  t h e  
va r ious  devices.  Some d r i v e r s  can hand le  more than  one 
device.  
D R I V E R S  
The h o t  s w i t c h  c o n t r o l l e r  i s  a  c o n t r o l l e d  d i r e c t  cur-  
r e n t  (DC) source. I f  i t  i s  used t o  c o n t r o l  t h e  DC motor  
d r i v e  t o  a  k i n e s t h e t i c  swi tch,  t h e  c u r r e n t  d i r e c t i o n  must 
be c o n t r o l l a b l e  as w e l l  as i t s  ampl i tude.  It may be 
p r a c t i c a l  t o  add t a c t i l e  (shaking)  e f f e c t s  t o  k i n e s t h e t i c  
swi tches b y  r e v e r s i n g  t h e  c u r r e n t  d i r e c t i o n  a t  an appro- 
p r i a t e  f requency.  
These s p e c i a l  dev ices  r e q u i r e  s p e c i a l  d r i v e r s .  Some 
p o s s i b i l i t i e s  a r e  sketched i n  F i g u r e  5 .  The voco-switch 
can be d r i v e n  f rom an aud io  a m p l i f i e r .  S i g n a l s  s u p p l i e d  
t o  t h e  audio a m p l i f i e r  come frm a  ga ted  low f requency 
s i n e  wave source when i t  i s  des i red  t o  produce o n l y  a  
t a c t i l e  e f f e c t .  The s i n e  wave must be sw i tched  on a t  t h e  
ze ro  c r o s s i n g  t o  p reven t  an a u d i b l e  c l i c k .  I f  it i s  
d e s i r a b l e  t o  produce a u d i b l e  s i g n a l s  s imu l taneous ly ,  an 
o s c i l l a t o r  p roduc ing  waves w i t h  f a s t  r i s e  and /o r  f a l l  
t imes may be gated i n t o  t h e  audio a m p l i f i e r .  An a l t e r n a -  
t i v e  i s  s imp ly  t o  r a i s e  t h e  f requency o f  t h e  s i n e  wave 
o s c i l l a t o r .  T a c t i l e  e f f e c t s  may d isappear a t  h i g h e r  f r e -  
quencies, however. 
The c o n t r o l  requi rements f o r  s p e c i a l  t a c t i l e  and k i n -  
e s t h e t i c  e f f e c t s  added t o  switches a re  modest per  switch-- 
f i v e  c o n t r o l  s i g n a l s  f o r  t h e  most e l a b o r a t e  k i n e s t h e t i c  
s tepper;  one c o n t r o l  s i g n a l  f o r  t h e  s i m p l e s t  voco-switch. 
However, i n  la rge arrays the t o t a l  number o f  con t ro l  
l i nes  requ i r i ng  i nd i v i dua l  a t t en t i on  can become large 
enough t o  requ i re  a  microcomputer c o n t r o l l e r  dedicated t o  
j u s t  t h i s  funct ion.  I n  pa r t i cu la r ,  having the op t i on  o f  
changing a  swi tch 's  t a c t i l e  or  k i nes the t i c  d r i v e  as a  
funct ion o f  the c losure s ta te  o f  i t s  contacts requ i res  
rap id  t igh t - loop con t ro l  best done i n  a  dedicated micro- 
computer c o n t r o l l e r .  
APPLICATIONS 
Our avowed ob jec t i ve  i s  t o  add dimensions, t a c t i l e  
and k ines the t i c ,  t o  those already ava i lab le  fo r  user- 
cwnputer communications, mainly v isua l  but perhaps soon 
t o  be audible. The devices we are descr ib ing  are b ina ry  
comnunicators. I n  order t o  produce completely unambig- 
uous in format ion  t ransfers ,  they ate best used e i t h e r  
"switched on" or "switched o f f " ,  the user being able t o  
unambiguously detect  these two states. 
Since we are adding to,  r a the r  than rep lac ing e x i s t -  
ing  dimensions, our spec ia l  switches must harmoniously 
augment audible and v i sua l  communications. They are  
uniquely able t o  do t h i s  because they communicate wi thout 
d i s t rac t i ng .  While watching a c t i v i t y  on a  computer d is -  
play, the user may detect  by touching switches whether or 
not they are ac t ive .  For example, i f  the computer i s  i n  
the midst  o f  a  lengthy operat ion which must be fo l lowed 
by a  switch closure, the  group o f  switches may be s ig-  
na l l ed  ac t ive  when they are t o  be read. I f  a  sequence o f  
switch operat ions i s  required, guidance may be o f f e red  by 
the computer system a t  each step simply by v i b r a t i n g  o r  
heat ing the proper group a t  each sequential step. 
The k ines the t i c  switch o f f e r s  unique p o s s i b i l i t i e s  
f o r  i n h i b i t i n g  what may be dest ruc t ive  o r  dangerous 
switch c losures w i thout  absolutely p r o h i b i t i n g  such oper- 
at ions.  A master rese t  operation, f o r  example, may be 
cont ra ind ica ted i n  the midst  o f  a  lengthy data processing 
operat ion.  The computer can make t h i s  switch d i f f i c u l t  
t o  actuate w i thout  abso lu te ly  d i sab l i ng  it. 
Working w i t h  displays,  our ac t ive  switches can s igna l  
data cond i t ions  which do not  appear on the d i s p l a y  o r  
which appear on the d i sp lay  so inconspicuously as not t o  
be not iced. For example, two large numbers displayed as 
bars on a  bar graph may appear equal. A  swi tch  thrown 
may be programed t o  v i b ra te  when such an e q u a l i t y  does 
ex i s t .  O r  the  hot switch can be programed t o  get pro- 
gress ive ly  h o t t e r  as the numerical d i f fe rence increases. 
The k ines the t i c  switches have a  unique p rope r t y  i n  
t h e i r  abi  1  i t y  t o  s e l e c t i v e l y  produce a  spr ing- re turn  
act ion.  I n  one o f  our data analysis operat ions,  switch 
c losures are powerful funct ions.  I t  i s  always des i rab le  
t o  begin the  opera t ion  w i t h  a l l  switches i n  a  home posi-  
t i on .  Present ly  a  message i s  f lashed on the d isp lay :  
"zero sense switches." This i s  o f t en  proceeded by a  fum- 
b l i n g  through var ious switching act ions i n  order t o  f i n d  
the  cor rec t  i n i t i a l  pos i t ions .  K inesthet ic  switches 
could be i n i t i a l i z e d  by the computer. Not t o  be over- 
looked i s  the  a b i l i t y  o f  k i nes the t i c  switches t o  be 
closed and opened by the computer f o r  d iagnost ic  purposes. 
CONCLUSIONS 
K ines the t i c  and t a c t i l e  dimensions can be added t o  
computer-user communications using convent ional  switches 
i n  conjunct ion w i t h  common devices such as stepper motors, 
loudspeakers and d i r e c t  cur rent  motors. Conventional 
e lec t ron ics ,  con t ro l l ed  from a dedicated microcomputer, 
can be used t o  d r i v e  the.electromechanica1 devices. The 
voco-switches may, by being dr iven w i t h  sharp r i s e  t ime 
or  higher frequency signals,  double as an audio channel. 
Shaker switch arrays s igna l  the user by being v ib ra ted  by 
a  stepper motor attached t o  the switch mounting p la te .  
K inesthet ic  switches may be programmed t o  r e s i s t  user 
attempts t o  move them. These devices, along w i t h  the  hot 
switch, are capable o f  s i g n a l l i n g  binary cond i t ions  t o  
the user w i thout  being d i s t r a c t i n g  t o  the a t ten t ions  
required by a  v i sua l  d isp lay .  As such they may be used 
t o  improve the in t imacy o f  i n te rac t i on  between the user 
and the computer. 
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